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Mark schemes are prepared by the Lead Assessment Writer and considered, together with the relevant
questions, by a panel of subject teachers. This mark scheme includes any amendments made at the
standardisation events which all associates participate in and is the scheme which was used by them in
this examination. The standardisation process ensures that the mark scheme covers the students’
responses to questions and that every associate understands and applies it in the same correct way.
As preparation for standardisation each associate analyses a number of students’ scripts. Alternative
answers not already covered by the mark scheme are discussed and legislated for. If, after the
standardisation process, associates encounter unusual answers which have not been raised they are
required to refer these to the Lead Examiner.

It must be stressed that a mark scheme is a working document, in many cases further developed and
expanded on the basis of students’ reactions to a particular paper. Assumptions about future mark
schemes on the basis of one year’'s document should be avoided; whilst the guiding principles of
assessment remain constant, details will change, depending on the content of a particular examination
paper.

Further copies of this mark scheme are available from oxfordagaexams.org.uk
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Key to mark scheme abbreviations

M Mark is for method
m Mark is dependent on one or more M marks and is for method
A Mark is dependent on M or m marks and is for accuracy
B Mark is independent of M or m marks and is for method and accuracy
E Mark is for explanation
Jor ft Follow through from previous incorrect result
CAO Correct answer only
CsO Correct solution only
AWFW Anything which falls within
AWRT Anything which rounds to
ACF Any correct form
AG Answer given
SC Special case
oe Or equivalent
A2,1 2 or 1 (or 0) accuracy marks
-X EE Deduct X marks for each error
NMS No method shown
PI Possibly implied
SCA Substantially correct approach
sf Significant figure(s)

dp Decimal place(s)
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Q Answer Marks Comments
1(a) 5c0s50° =vcosa® M1 Equation for motion parallel to the wall
M1 Equation for motion perpendicular to
0.8x5sin50° = vsina® the wall
Al Both equations correct
v2 = (5¢0550°)" +(4sin50°)’ M1 | Eliminates a
Correct v. Must be a positive value.
V=444 Al
Condone AWRT 4.4
5
Q Answer Marks Comments
1) | tange = 331N50° M1 | Eliminates v
5c0s50°
Correct a
=44
¢ AL 1 Condone AWRT 43.6
2
Q Answer Marks Comments
1) | =0.3(4.45in 43.6°) - 0.3(-5sin50°) M1 Applies impulse formula. Must resolve
or in some way.
| =0.3(0.8x5sin50°)—0.3(-55sin50°) Al | Correct expression
Correct answer with correct units.
=2 1Ns [to 2 sf] Al Must be two significant figures.
Do not accept a negative answer.
3
Question 1 Total 10
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Q Answer Marks Comments
2(a) J.0.01_ 8 )4 M1 Uses IiF dx
002 | x2 AL
Uses limits that are consistent with
0.01 their sign of F
-8 Al . .
X lo 02 Correct integration
=800-400 Obtains correct work done from
=400 Al consistent working. Must show some
numeric simplification after the
integration.
4
Q Answer Marks Comments
1 ) Forms an energy equation to find v
2(b) =x4v* = 400 M1 Do not condone use of constant
2 acceleration equations.
_ _ 1 Correct speed
V=4/200=14.1ms Al AWRT 14.1
2
Question 2 Total 6
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nswer arks omments
Q A Mark C
27 . .
3(a) w== M1 Finding
5
_ 3 _2n _3m 1
Vimax = E ? - E Al Correct speed oe
2
Q Answer Marks Comments
3(b) 2 _(2m 2 3 2 1 2 M1 Uses SHM speed formula with their @
Vo= 5 2] |2 Allow one error in the distances.
8n? N
= 5 Al Correct substitutions
o2 Correct speed, ACF, for example
-1
V= ms 8
5 Al 2 or J0.32n
25
3
Q Answer Marks Comments
. 3 2mt
3)i) | x= ECOS(?j B1 Correct expression with +
1
Q Answer Marks Comments
. 3t . ( 2mt . . . .
3()(ii) | x=-—"Cgin| == M1 Differentiates to find velocity
5
6m’ 2nt _ _ : :
X= —2—5cos ? M1 Differentiates to find acceleration
672 , Al Correct maximum acceleration
max — o5 ms Accept 0.247°
Do not accept a negative answer.
3
Question 3 Total 9
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Q Answer Marks Comments
4a)(i) |Leto bfa the apgle between the string and P
the vertical at time t
. . M1 Forms differential equation
mx0.7 & =-mx9.8sin¢ Al Correct differential equation
sinfd~6 M1 Uses small angle approximation, Pl
.. 98 Al Simplifies to SHM form with clear use
0~ _ﬁe =-1460 of small angle approximation
' Accept proof for any | in general case
Theref;)re SITMtr?S [angullar] Scccleleranont El Concludes that motion is SHM from
proportional to the [angular] displacement. correct working
5
Q Answer Marks Comments
5 Light Bl Correct assumption
4(a)(ii)
Inextensible / inelastic / fixed length Bl Correct assumption
2
Q Answer Marks Comments
4(b) 2n _ /14
Period = E = = S Bl Correct period, oe such as 0.53x [s]
1
Question 4 Total 8
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Q Answer Marks Comments
5 2.5\/@ = _10\2 M1 Sets up correct differential equation.
dx Condone missing negative sign.
1 dv Rearranges differential equation
—X—=-4 Alft correctly ready to integrate
vodx Follow through sign error from
differential equation.
Correct integration
Inv=-4x+cC Alft Follow through sign error from
differential equation.
X=0,v=20=c=In20 M1 Finds constant of integration or uses
Inv = -4x+1n20 correct limits in a definite integral
v=10
1 1 .
X= 2 (In20-In10) = Zlnz Al Correct distance, ACF
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ALTERNATIVE METHOD

Q Answer Marks Comments
dv _ 2
5 Z'Sa =-10v M1 Sets up correct differential equation.
1 Condone missing negative sign.
—dv=|-4dt
Jav=]
1
——=-4t+c
Vv
1
v=20,t=0=>cCc=——
20
Correct expression for v in terms of t
20 Follow through sign error from
V= 80t+1 Alft differential equation to obtain
20
=——— 0e
1-80t
20
x=—1In(80t+1)+d
_ 80 _ q= Correct expression for X in terms of t
Xx=0t=20=d=0 Follow through sign error from
1 Alft differential equation to obtain
X:Zln(80t+1) 1
x=—=In(1-80t) oe
4
V10—t~ 1 M1 Finds time for a velocity of 10
80
1.(80 1 _
X= 2 In 30 +1|= Zlnz Al Correct distance, ACF
5
Question 5 Total 5
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Q Answer Marks Comments
6(a) ke =2g M1 Equation for equilibrium
Correct extension
e= 29 Al mg
k Do not accept e
2
Q Answer Marks Comments
. G — Forms three term differential equation
6(b)(i) 2X=29-T M1 P d
M1 Uses tension with their extension
. 2 from part (a)
2X =2g —k(x+?gj
. 2
Allow 2% = +2g + k(x+?gj
2X=2g—kx—2g Al Correct differential equation
Al Differential equation simplified to SHM
k form
X=—-—=X
2 .k
Accept X=——X
m
..SHM as acceleration proportional to the El Concludes that motion is SHM from

displacement.

correct working

10
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Q Answer Marks Comments
.. M1 Expression for displacement using
k
6(b)(ii) X =2a CosL\/;tJ their o
3a kK Al Correct substitution of time and
? = 2acos \/;xg displacement
k =n
0.7227...= 5 xg M1 Solves for k
Correct k, AWRT 6.8
. . k
SC2 for using X =2asin| ,[—t
k=6.8 Al 2
leading to k = 9.3
3 . k
SC1 for seeing —a = 2asin| ,[—t
2 2
4
Question 6 Total 11

11
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Q Answer Marks Comments
5 2 M1 Uses constant acceleration equation
/(a) vi=0 +2xgx2a to find speed withu =0
v=2ag Al Correct speed oe
2
Q Answer Marks Comments
7(b) Resolving parallel and perpendicular to OB
v =-2,/ag cos30° M1 Equati_on for velocity perpendicular to
the string
3
Speed = 2,/ag x%
Speed = /Sag Al Correct speed, from correct working
| =mx0—mx—2,/ag sin30° M1 Uses impulse equation with some
resolving
1 Al Correct impulse equation
I|=2m,/ag x= =m,/a
| | g 2 g Al Correct magnitude of impulse

12
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Q Answer Marks Comments
7(c) Resolving radially with zero tension M1 Resolving radially
2
mv
mgcosfd = — _
2a Al Correct equation
vZ = 2ag cosé
Energy Equation
1 1 '
5 mv2 + mg % a(1+ 2(:056’) _ > mx3ag M1 Forms a three term energy equation
Al Correct energy equation
3
agcoséd+ag +2agcosé = Eag
1
3agcosé = > ag
1
cosd = 5 m1l Solves for
0 =80° Al Correct angle
6
Question 7 Total 13

13
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Answer Marks Comments
Speed at B = /60 Bl Correct speed at B
o /6g sin 20° 262 M1 Uses coefficient of restitution to find

u=|j :{ : } the velocity after the bounce at B

= /6g cos20° 4.32

3) Al Correct velocity

3 1 , M1 Equation for motion perpendicular to
0= gw/Gg c0S 20°t - g cos 20°t the slope
Al Correct equation
M1 Solves for t
6./6

=329 =939

59 Al Correct t AWRT 0.94

. 1 .
BC = /69 sin 20°t + = g sin 20°t* M1 Substitutes t into equation for motion
2 parallel to the slope
=3.94 Al Correct distance
= 3.9metres [to 2 sf] AFWT [3.9, 3.95]
9
Question 8 Total 9

14
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Answer Marks Comments
2x2-3%x1=2v, +3vg _ .
_ M1 Equation for conservation of
1=2v, +3Vg momentum
V,—Vg =—ex(2-(-1) M1 Equation for coefficient of restitution
Va—Vg =36 Al Both equations correct
1=2v, +3(v, +3e)
g ’ M1 Solves for V,
1=5v, +9e
1-9e

Vp = c Al Correct V,
Let € be the angle between the velocity of
A and the line of centres.
tané = 5x2y3 = 103 M1 Finds tan @ using the perpendicular

1-9e 1-9e component
e=0=1tanf =103 =6 =87°

10\/5 M1 Uses e =0 or e =1 in their
e=l=tand= e =0 =115° expression for tan @
87°<0<115° Al At least one correct value for 6
27<a <55 Al Accept 27<a <54
AWRT 27 and 54 or 55
9
Question 9 Total 9

15




